The requirement for early exposure of Haemonchus contortus larvae to Bacillus thuringiensis for effective inhibition of larval development.
The potential for a nematocidal Bacillus thuringiensis (Bt) to target the free-living larval stages of Haemonchus contortus was examined using in vitro larval development and migration assays. Bt toxicity in larval development assays decreased as the time period between egg hatch and initial exposure to the Bt was increased; a time lag of 48 h resulted in a 350-fold increase in the IC(50) (from 2.6 ng/ml to 910 ng/ml). The effects on larval migration largely paralleled the effects on larval development, indicating that the larvae which reached the infective stage after exposure to Bt were generally as 'fit' as control worms in terms of migration ability. However, a comparison of the two assays also showed the presence of a level of Bt exposure which showed significantly more toxicity in migration assays than development assays, indicating that, in some cases, fully developed Bt-exposed larvae were less able to migrate than controls, and hence may be compromised in their ability to infect sheep. The rapid decrease in toxicity when exposure to the Bt is delayed highlights a significant issue concerning the use of Bt for control of the free-living larval stages of animal-parasitic nematodes. Targeting the larvae by delivering bacterial spores to the faeces through the host animal's digestive tract would require the spores to germinate upon defecation, grow through a vegetative phase, to then produce crystal toxin protein upon subsequent sporulation. This period of bacterial development will introduce a time lag between worm egg hatching and initial exposure of the larvae to the Bt, which, as demonstrated in the present study, may allow the worm larvae to develop to late larval stages which are relatively insensitive to the toxin.